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SYSTEM AND METHOD FOR DECODING 
COMMANDS BASED ON COMMAND 
SIGNALS AND OPERATING STATE 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 

This application is a continuation of pending US. patent 
application Ser. No. 11/121,868, ?led May 3, 2005, Which 
application is incorporated herein by reference for any pur 
pose. 

TECHNICAL FIELD 

The invention relates generally to command decoding for a 
memory system, and more particularly, to decoding com 
mand signals to perform operations in the memory system 
based on the command signals and a operating state of the 
memory system. 

BACKGROUND OF THE INVENTION 

Computer systems use memory devices, such as synchro 
nous dynamic random access memory (“SDRAM”) devices, 
to store instructions and data that are access by a processor. 
These memory devices are normally used as system memory 
in a computer system. In a typical computer system, the 
processor communicates With the system memory through a 
processor bus and a memory controller. The processor issues 
a memory request, Which includes a memory command, such 
as a read command, and an address designating the location 
from Which data or instructions are to be read. The memory 
controller uses the command and address to generate appro 
priate command signals as Well as roW and column addresses, 
Which are applied to the system memory. In response to the 
commands and addresses, data is transferred betWeen the 
system memory and the processor. 

FIG. 1 is a functional block diagram of a conventional 
memory device 100. The memory device 100 in FIG. 1 is an 
example of a double-data rate (DDR) SDRAM. The memory 
device 100 is referred to as a double-data-rate device because 
the data Words DQ being transferred to and from the device 
are transferred at double the rate of a conventional SDRAM, 
Which transfers data at a rate corresponding to the frequency 
of the applied clock signal. The memory device 100 includes 
a control logic and command decoder 134 that receives a 
plurality of command and clock signals over a control bus 
CONT, typically from an external circuit such as a memory 
controller (not shoWn). The command signals include a chip 
select signal CS#, a Write enable signal WE#, a column 
address strobe signal CAS#, and a roW address strobe signal 
RAS#, While the clock signals include a clock enable signal 
CKE# and complementary clock signals CLK, CLK#, With 
the “#” designating a signal as being active LOW. The com 
mand signals RAS#, CAS#, and WE# are driven to values 
corresponding to a particular command, such as a read, Write, 
or auto-refresh command. 

In response to the clock signals CLK, CLK#, the command 
decoder 134 latches and decodes an applied command, and 
generates a sequence of internal clock and control signals that 
control the components 102-132 to execute the function of the 
applied command. The clock enable signal CKE enables 
clocking of the command decoder 134 by the clock signals 
CLK, CLK#. The command decoder 134 further includes 
mode registers 136. Data Written to the mode registers 136 are 
used to set various modes of operation, for example, burst 
data length, burst type, poWer-doWn mode, CAS latency, and 
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2 
the like. The command decoder 134 Will generate the appro 
priate internal clock and control signals based on the modes 
set by the data stored in the mode registers 136. 
The memory device 100 further includes an address regis 

ter 102 that receives roW, column, and bank addresses over an 
address bus ADDR, With a memory controller (not shoWn) 
typically supplying the addresses. The address register 102 
receives a roW address and a bank address that are applied to 
a roW address multiplexer 104 and bank control logic circuit 
106, respectively. The roW address multiplexer 104 applies 
either the roW address received from the address register 102 
or a refresh roW address from a refresh counter 108 to a 

plurality of roW address latch and decoders 110A-D. The 
bank control logic 106 activates the roW address latch and 
decoder 110A-D corresponding to either the bank address 
received from the address register 102 or a refresh bank 
address from the refresh counter 108, and the activated roW 
address latch and decoder latches and decodes the received 
roW address. 

In response to the decoded roW address, the activated roW 
address latch and decoder 110A-D applies various signals to 
a corresponding memory bank 112A-D to thereby activate a 
roW of memory cells corresponding to the decoded roW 
address. Each memory bank 112A-D includes a memory-cell 
array having a plurality of memory cells arranged in roWs and 
columns, and the data stored in the memory cells in the 
activated roW is stored in sense ampli?ers in the correspond 
ing memory bank. The roW address multiplexer 104 applies 
the refresh roW address from the refresh counter 108 to the 
decoders 110A-D and the bank control logic circuit 106 uses 
the refresh bank address from the refresh counter When the 
memory device 100 operates in an auto-refresh or self-refresh 
mode of operation in response to an auto- or self-refresh 
command being applied to the memory device 100, as Will be 
appreciated by those skilled in the art. 
A column address is applied on theADDR bus after the roW 

and bank addresses, and the address register 102 applies the 
column address to a column address counter and latch 114 
Which, in turn, latches the column address and applies the 
latched column address to a plurality of column decoders 
116A-D. The bank control logic 106 activates the column 
decoder 116A-D corresponding to the received bank address, 
and the activated column decoder decodes the applied column 
address. Depending on the operating mode of the memory 
device 100, the column address counter and latch 114 either 
directly applies the latched column address to the decoders 
116A-D, or applies a sequence of column addresses to the 
decoders starting at the column address provided by the 
address register 102. In response to the column address from 
the counter and latch 114, the activated column decoder 
116A-D applies decode and control signals to an I/O gating 
and data masking circuit 118 Which, in turn, accesses memory 
cells corresponding to the decoded column address in the 
activated roW of memory cells in the memory bank 112A-D 
being accessed. 

During data read operations, data being read from the 
addressed memory cells is coupled through the I/O gating and 
data masking circuit 118 to a read latch 120. The U0 gating 
and data masking circuit 118 supplies N bits of data to the 
read latch 120, Which then applies tWo N/4 bit Words to a 
multiplexer 122. In the embodiment of FIG. 3, the circuit 118 
provides 32 bits to the read latch 120 Which, in turn, provides 
four 8 bits Words to the multiplexer 122. A data driver 124 
sequentially receives the N/ 4 bit Words from the multiplexer 
122 and also receives a data strobe signal DQS from a strobe 
signal generator 126 and a delayed clock signal CLKDEL 
from the delay-locked loop 123. The DQS signal is used by an 
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external circuit such as a memory controller (not shown) in 
latching data from the memory device 100 during read opera 
tions. In response to the delayed clock signal CLKDEL, the 
data driver 124 sequentially outputs the received N/4 bits 
Words as a corresponding data Word DQ, each data Word 
being output in synchronism With a rising or falling edge of a 
CLK signal that is applied to clock the memory device 100. 
The data driver 124 also outputs the data strobe signal DQS 
having rising and falling edges in synchronism With rising 
and falling edges of the CLK signal, respectively. Each data 
Word DO and the data strobe signal DQS collectively de?ne a 
data bus DATA. The DATA bus also includes masking signals 
DMO-M for masking Write data of data Write operations, as 
Will be described in more detail beloW. 

During data Write operations, an external circuit such as a 
memory controller (not shoWn) applies N/4 bit data Words 
DQ, the strobe signal DOS, and corresponding data masking 
signals DM on the data bus DATA. A data receiver 128 
receives each DQ Word and the associated DM signals, and 
applies these signals to input registers 130 that are clocked by 
the DOS signal. In response to a rising edge of the DOS 
signal, the input registers 130 latch a ?rst N/4 bit DQ Word 
and the associated DM signals, and in response to a falling 
edge of the DOS signal the input registers latch the second 
N/ 4 bit DQ Word and associated DM signals. The input reg 
ister 130 provides the tWo latched N/4 bit DQ Words as an 
N-bit Word to a Write FIFO and driver 132, Which clocks the 
applied DQ Word and DM signals into the Write FIFO and 
driver in response to the DOS signal. The DQ Word is clocked 
out of the Write FIFO and driver 132 in response to the CLK 
signal, and is applied to the I/O gating and masking circuit 
118. The U0 gating and masking circuit 118 transfers the DO 
Word to the addressed memory cells in the accessed bank 
112A-D subject to the DM signals, Which may be used to 
selectively mask bits or groups of bits in the DO Words (i.e., 
in the Write data) being Written to the addressed memory cells. 
As previously described, commands are issued to the 

memory device 100 in the form of command signals, Which 
are decoded by the command decoder 134 to generate internal 
clock and control signals to perform the requested operation. 
FIG. 2 is a command decoding truth table for the memory 
device 100. The three command signals RAS#, CAS#, and 
WE# provide eight different commands for the memory 
device 100. These commands include LOAD MODE, 
REFRESH, PRECHARGE, BANK ACTIVATE, WRITE, 
READ, NOP (no operation), and a RESERVED command, 
Which can be used in the future for an additional command. 
The LOAD MODE command is used to load data into the 
mode registers 136, Which, as previously discussed, is used to 
set various modes of operation, for example, burst data 
length, burst type, poWer-doWn mode, CAS latency, and the 
like. The REFRESH command is used to invoke a refresh 
sequence in the memory banks 112A-D. The PRECHARGE 
command is used to deactivate or “close” activated, or “open,” 
memory banks 112A-D. The BANKACTIVATE command is 
used to open at least one of the memory banks 112A-D, as 
selected by a bank address, in preparation for an memory 
access operation. The WRITE command and the READ com 
mand are used to invoke a data Write operation and a data read 
operation, respectively, as previously described. The NOP 
operation is used to prevent unWanted commands from being 
registered during idle or Wait states of the memory device 
100. 
The use of the RAS#, CAS#, and WE# signals provides an 

effective Way to issue commands to the memory device 100. 
HoWever, there are limitations that are inherent With this 
conventional approach. One such limitation is the maximum 
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4 
number of different possible commands that are provided 
With the conventional command decoding of the memory 
device 100. As illustrated above, due to the binary nature of 
the RAS#, CAS#, and WE# signals, the three command sig 
nals provide a maximum decoding of eight different com 
mands. Although eight different commands are suf?cient for 
current technology, it is easy to imagine that in the future there 
may be the need for more than the eight commands previously 
described. If additional commands are desired, additional 
command signals Will need to be used. For example, if tWo 
additional commands for a total often commands are desired, 
one command could be decoded using the RESERVED com 
mand. HoWever, the other additional command Would require 
adding one more signal to the existing three commands sig 
nals. With four command signals, there are noW potentially 
sixteen different commands that can be decoded. 
Although having additional choices for commands appears 

to be advantageous, it raises another limitation of the conven 
tional command decoding employed by the memory device 
100. That is, increasing the number of command signals to 
increase the number of different commands that can be 
decoded, Will increase the number of external terminals or 
“pins” of the memory device 100 that are required to receive 
the command signals. In the present example, three external 
terminals are used by the memory device 100 for receiving the 
RAS#, CAS#, and WE# signals. Having more than the eight 
possible commands requires at least four external terminals to 
provide suf?cient command decoding. The number can 
increase to tWice that number in light of the development of 
systems employing differential command signals Where each 
command signal is applied to the memory device as a pair of 
complementary signals requiring tWo external terminals. 

Currently, the number of external terminals that can be 
included With a conventionally packaged memory device is 
reaching its physical limits. The physical dimensions of the 
memory device package can alWays be increased to accom 
modate additional external terminals, hoWever, this solution 
con?icts With the desirability of creating portable and com 
pact electronic systems. Additionally, adding external termi 
nals increases the number of signal lines that must be used to 
communicate betWeen a memory controller and the memory 
device. As applied to memory modules, the additional exter 
nal terminals of each memory device Will require additional 
conductive traces to be formed on the different layers of the 
printed circuit board (“PCB”), thus, increasing the complex 
ity of the PCB in design and manufacture. As a result, increas 
ing the number of external terminals in response to the need to 
accommodate additional command choices is highly undesir 
able. 

Therefore, there is a need for an alternative system and 
method for command decoding that can be used to provide 
greater ?exibility in increasing the number of commands 
and/or reducing the number of command signals used in 
decoding commands. 

SUMMARY OF THE INVENTION 

Embodiments of the present invention are directed to a 
system and method for decoding command signals. In one 
aspect, a command decoder is con?gured to generate internal 
control signals to perform an operation selected from a ?rst 
set of operations according to the latched logic levels of the 
command signals When the memory system is in a ?rst oper 
ating state. The command decoder is further con?gured to 
generate internal control signals to perform an operation 
selected from a second set of operations according to the 
latched logic levels of the command signals When the 
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memory system is in a second operating state. In another 
aspect, a method of decoding command signals includes 
receiving command signals, and selecting one operation from 
a ?rst set of operations in accordance With the command 
signals While the memory system is in a ?rst operating state, 
and selecting one operation from a second set of operations in 
accordance With the command signals While the memory 
system is in a second operating state. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a functional block diagram of a memory system 
having conventional command decoding. 

FIG. 2 is a truth table of conventional command decoding 
utiliZed in the memory system of FIG. 1. 

FIG. 3 is a functional block diagram of a memory system 
having command decoding according to an embodiment of 
the present invention. 

FIG. 4 is a truth table of the command decoding utiliZed in 
the memory system of FIG. 3 according to an embodiment of 
the present invention. 

FIG. 5 is a state diagram for the command decoding shoWn 
in the truth table of FIG. 4. 

FIG. 6 is a truth table of command decoding that can be 
utiliZed in the memory system of FIG. 3 according to an 
alternative embodiment of the present invention. 

FIG. 7 is a state diagram for command decoding that can be 
utiliZed in the memory system of FIG. 3 according to an 
alternative embodiment of the present invention. 

FIG. 8 is a functional block diagram of a processing system 
including a memory system having command decoding 
according to an embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Embodiments of the present invention provide systems and 
methods for command decoding in a memory that decodes 
commands based on command signals in combination With 
an operating state of the memory. Certain details are set forth 
beloW to provide a su?icient understanding of the invention. 
HoWever, it Will be clear to one skilled in the art that the 
invention may be practiced Without these particular details. In 
other instances, Well-knoWn circuits, control signals, timing 
protocols, and softWare operations have not been shoWn in 
detail in order to avoid unnecessarily obscuring the invention. 

FIG. 3 illustrates a memory device 300 having control logic 
and command decoder 334 according to an embodiment of 
the present invention. Many of the circuits included in the 
memory device 300 have been previously described With 
respect to the memory device 100 of FIG. 1, and conse 
quently, in the interest of brevity, Will not be described again. 
Operation of these circuits in the memory device 300 are the 
same as in previously described With respect to the memory 
device 100 of FIG. 1, and are referenced in FIG. 3 using the 
same reference number. The command decoder 334, hoW 
ever, is different than the command decoder 134 of the 
memory device 100. The command decoder 334 decodes 
command signals applied to the memory device 300 and 
generates internal clock and control signals to execute the 
requested command based on the command signals in com 
bination With a operating state of the memory device 300. 
Thus, unlike the command decoder 134 of the memory device 
100, the command decoder 334 generates the internal signals 
to perform a requested operationbased on the set of command 
signals applied to the memory device 300 and its current 
operating state. As a result, the number of command signals 
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6 
needed for decoding the commands can be reduced While 
maintaining the same number of different commands avail 
able. Alternatively, the number of different commands can be 
increased Without increasing the number of command sig 
nals. 

For example, the memory device 300 has the same number 
of commands as previously described for the memory device 
100, and shoWn in the table of FIG. 2. Namely, the eight 
different commands are LOAD MODE REGISTERS, 

REFRESH, PRECHARGE, BANK ACTIVATE, WRITE, 
READ, RESERVED, and NOP. These eight commands for 
the memory device 100 can be selected based on the combi 
nation of the logic states of the three command signals RAS#, 
CAS#, and WE#. In contrast, and as Will be described in more 
detail beloW, the memory device 300 can select one of the 
same eight commands using only tWo command signals, 
RAS# and WE#, in combination With monitoring a bank 
active state. In this particular embodiment, the command 
decoder 334 is coupled to the bank control logic 306 to 
receive a bank active state signal BACTIVE having a logic 
state indicative of Whether any of the memory banks 112A-D 
are “open” (i.e., active) or if all of the banks are “closed” (i.e., 
precharged). 

FIG. 4 illustrates a truth table for command decoding in the 
memory device 300 of FIG. 3 according to an embodiment of 
the present invention. Column 402 lists the commands for 
different combinations of the RAS# and WE# signals When 
any of the memory banks 312A-D are open. Column 404 lists 
the commands for different combinations of the RAS# and 
WE# signals for When all of the memory banks 312A-D are 
closed. For example, in the event the command decoder 334 
receives a HIGH RAS# signal and a LOW WE# signal at the 
time the BACTIVE signal is active, indicating that at least one 
of the memory banks 312A-D is open, the command decoder 
334 Will generate internal clock and control signals to execute 
a WRITE operation to at least one memory location in the 
memory banks 312A-D identi?ed by the address and bank 
signals, as previously described. HoWever, if the HIGH RAS# 
signal and LOW WE# signal are applied to the memory 
device 300 at a time the BACTIVE signal is inactive, indicat 
ing that all of the memory banks 312A-D are closed, the 
command decoder 334 Will generate internal clock and con 
trol signals to execute a LOAD MODE command that loads 
mode information into the mode register 136, as previously 
described. As shoWn by comparing the truth table of FIG. 4 
With the truth table of FIG. 2, the memory device 300 has the 
same eight commands as the memory device 100, but only 
requires the tWo RAS# and WE# signals instead of the three 
RAS#, CAS#, and WE# signals. 

FIG. 5 is a state diagram illustrating the command decod 
ing of the memory device 300 as previously described With 
respect to the command decoding truth table of FIG. 4. FIG. 
5 illustrates various memory device operations, represented 
by circles, and various memory device states, represented by 
shaded circles. The memory device 300 changes states and 
performs operations in response to command signals RAS# 
and WE#, With command sequences (de?ned by a combina 
tion of command signals) and changes of state represented by 
arroWs pointing from a memory device state to a memory 
device operation. Bold arroWs in FIG. 5 represent an auto 
matic sequence that returns the memory device 300 to a 
memory device state upon completion of the memory device 
operation. As Will be explained in more detail beloW, FIG. 5 
illustrates command decoding on a per bank basis for 
memory banks 0 to N, Which correspond to the memory banks 
112A-D of the memory device 300. Memory bank selection is 
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made by Way of bank addresses applied to the memory device 
at the time the command signals are latched. 
Upon application of poWer to the memory device 300, a 

poWer-on sequence is executed to place the memory device 
300 in a POWER ON state 502. When the poWer-on sequence 
is complete, the memory device 300 exits the POWER ON 
state 502 and is reset to anALL BANK PRECHARGED state 
504. While in the ALL BANK PRECHARGED state 504 and 
all of the memory banks 112A-D are closed, application of 
the RAS# and WE# signals are be decoded by the command 
decoder 334 into one of three commands (not including the 
RESERVED command). The three commands shoWn in FIG. 
5 are a REFRESH command that causes the memory device 
300 to execute anAUTO REFRESH operation 506, a LOAD 
MODE command that causes the memory device 300 to 
execute an LOAD MRS operation 508, or a BANK ACTI 
VATE command that causes the memory device 300 to 
execute an ACTIVATE BANK command 509 for a particular 
memory bank 0 through N. 

The REFRESH command is decoded from a LOW RAS# 
signal and a LOW WE# signal applied to the command 
decoder 334 While the memory device 300 is in the ALL 
BANK PRECHARGED state 504. In response, the memory 
device 300 changes from the ALL BANK PRECHARGED 
state 504 to execute the AUTO REFRESH sequence 506. 
When the AUTO REFRESH sequence 506 is completed, the 
memory device 300 returns to the ALL BANK PRE 
CHARGED state 504, as shoWn by the bold arroW pointing 
from the AUTO REFRESH state 506 back to the ALL BANK 
PRECHARGED state 504, to aWait further commands. Simi 
larly, the LOAD MODE command is decoded from a HIGH 
RAS# signal and a LOW WE# signal While the memory 
device 300 is in the ALL BANK PRECHARGED state 504. 
The LOAD MODE command is shoWn in FIG. 5 as “WR” 
representing the combination of a HIGH RAS# signal and 
LOW WE# signal, Which Would be decoded to a WRITE 
command if the memory device Was in the BANK ACTIVE 
state 510. In response to the LOAD MODE command, the 
state of the memory device 300 changes from the ALL BANK 
PRECHARGED state 504 to execute the LOAD MRS opera 
tion 508, Whereupon completion, the memory device 300 
returns to the ALL BANK PRECHARGED state 504. 

The third command that can be decoded When the memory 
device 300 is in the BANK CLOSED state 504 is the BANK 
ACTIVATE command, decoded from a LOW RAS# signal 
and a HIGH WE# signal. The BANK ACTIVATE command 
is shoWn in FIG. 5 as “ACT” representing the combination of 
a LOW RAS# signal and a HIGH WE# signal. As previously 
described, a BANK ACTIVATE command is a per bank com 
mand that activates at least one of the memory banks 312A-D, 
typically identi?ed by bank address signals. The BANK 
ACTIVATE command causes the memory device 300 to 
change from the ALL BANK PRECHARGED state 504 to 
execute an ACTIVATE BANK operation 509 for the particu 
lar memory bank. Upon completion of the ACTIVATE 
BANK operation 509, the state of the memory device 300 for 
the particular memory bank changes to a BANK ACTIVE 
state 510. The activated memory bank 312A-D remains acti 
vated until a PRECHARGE command is decoded by the 
memory device 300, Whereupon the state of the memory 
device 300 changes to from the BANK ACTIVE state 510 to 
execute a PRECHARGE BANK operation 511. Upon com 
pleting the PRECHARGE BANK operation 51 1, the memory 
device 300 returns through a BANK PRECHARGE state 505 
to the ALL BANK PRECHARGED state 504. A BANK 
ACTIVATE command decoded While the memory device 3 00 
is in the BANK PRECHARGE state 505 Will execute the 
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8 
ACTIVATE BANK operation 509 and change the state of the 
memory device 300 to the BANK ACTIVE state 510. TWo 
other commands that can be decoded in addition to the PRE 
CHARGE command from the RAS# and WE# signals While 
the memory device 300 is in the BANKACTIVE state 510 are 
a READ command that causes the memory device 300 to 
execute a READ operation 512 and a WRITE command that 
causes the memory device 300 to execute a WRITE operation 
514. A no operation NOP command can also be decoded by 
the command decoder 334 from the RAS# and WE# signals 
While the memory device 300 is in the BANK ACTIVE state 
510, but as Well knoWn, typically does not cause the memory 
device to perform an operation. As shoWn in FIG. 5, When a 
NOP command is decoded during the BANK ACTIVE state 
510 the memory device does not change states. When the 
READ and WRITE commands are decoded, a respective 
command is executed and upon completion, the memory 
device 300 returns to the BANK ACTIVE state 510. 
As illustrated by the state diagram 500, the same speci?c 

combination of the RAS# and WE# signals can be decoded by 
the command decoder 334 to execute different sets of com 
mands depending on the particular operating state of the 
memory device 300. For example, the combination of a LOW 
RAS# signal and a LOW WE# signal is labeled in the state 
diagram 500 as “PRE.” In one case Where the memory device 
is in the ALL BANK PRECHARGED state 504, the PRE 
combination of the RAS# and WE# signals results in the 
memory device 300 changing from the ALL BANK PRE 
CHARGED state 504 to execute the AUTO REFRESH opera 
tion 506 to perform an auto-refresh sequence. HoWever, if the 
PRE combination of RAS# and WE# signals is applied When 
the memory device 300 is in the BANK ACTIVE state 510, it 
causes the memory device 300 to change from the BANK 
ACTIVE state 510 to the BANK PRECHARGED state 505 
by executing the PRECHARGE BANK operation 511. Thus, 
using just the one PRE combination of RAS# and WE# sig 
nals, tWo different commands can be decoded. 

FIG. 6 illustrates a command decoding truth table 600 for 
the memory device 300 according to an alternative embodi 
ment of the present invention. The command decoding truth 
600 illustrates the use of an input signal that is not typically 
used as a command signal to provide additional command 
decoding choices. In the embodiment that Will be described 
With reference to FIG. 6, the address signal A10 is used, in 
combination With the RAS# and WE# command signals 
shoWn in column 602, and further in combination With the 
memory bank open/closed states shoWn in column 604, to 
select a particular refresh or precharge mechanism shoWn in 
column 606. Conventional memory devices have utiliZed a 
signal typically not used for commands, such as the A10 
signal, to select different refresh and precharge mechanisms. 
HoWever, conventional devices do not utiliZe command 
decoding as previously described according to an embodi 
ment of the present invention. Thus, the combination of the 
command decoding of embodiments of the present invention 
With the use of a signal not typically used for commands, such 
as the A10 signal, provides additional alternative embodi 
ments of the present invention. 

Operation of the command decoding shoWn in the truth 
table 600 Will noW be described With respect to the memory 
device 300. When the memory device 300 is in a BANK 
CLOSED state, and a LOW RAS# signal and a LOW WE# 
signal are applied to the memory decoder 334, a refresh 
command is decoded. The logic level of the A10 signal is used 
to select Whether the refresh sequence is executed on a per 
memory bank basis, or all memory banks 312A-D are 
refreshed concurrently. As shoWn in columns 606 and 608, a 
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LOWA10 signal selects a per memory bank refresh operation 
and a HIGH A10 signal selects an all memory bank refresh 
operation. As further shoWn in column 608, the A10 signal is 
interpreted as part of a valid value When a BANK ACTIVATE 
command or a LOAD MODE command is issued While the 
memory device 300 is in the BANK CLOSED state. 
As previously described, the A10 signal is used to select a 

refresh sequence When a refresh command is issued during 
the BANK CLOSED state. Additionally, the A10 signal is 
used to select various precharge sequences When a precharge 
command is issued during a BANK OPEN state. As shoWn in 
column 608, the A10 signal is used in combination With the 
RAS# and WE# signals to select single or all bank precharge, 
auto-precharge folloWing a Write command, and auto-pre 
charge folloWing a read command. The A10 signal can be 
used to select Whether an auto-precharge sequence is 
executed folloWing a Write or read command since the A10 
signal is not used to select a particular memory location for 
access. 

FIG. 7 illustrates a state diagram 700 for command decod 
ing by the memory device 300 according to another embodi 
ment of the present invention. The state diagram 700 of FIG. 
7 is similar to the state diagram 500 of FIG. 5 and uses the 
same convention as previously described With respect to the 
memory device state, memory device operation, command 
sequence and automatic sequences. Also as With the state 
diagram 500 of FIG. 5, the command decoding canbe on a per 
memory bank basis for memory banks 0 through N. The 
particular memory bank is selected by the bank address sig 
nals provided to the memory device 300 at the time the 
command signals RAS# and WE# are latched. In comparison 
to the state diagram 500 of FIG. 5, additional commands and 
operating states are de?ned in the state diagram 700 Without 
increasing the number of command signals. All of the com 
mands and states shoWn in the state diagram 700 of FIG. 7 can 
be decoded based on the RAS# and WE# signals, in combi 
nation With the particular operating state of the memory 
device 300. 
An additional state shoWn in the state diagram 700 is a 

POWER DOWN state 702. The POWER doWn state 702 
represents a condition Where the memory device 300 is placed 
into a loW-poWer state during Which many of the circuits are 
deactivated, such as the output drivers 124 (FIG. 3), the input 
receivers 128, and the DLL 123 in order to reduce poWer 
consumption. The POWER DOWN state 702 can be reached 
by applying a HIGH RAS# signal and a HIGH WE# signal 
from the ALL BANK PRECHARGED state 504. In contrast 
to the command decoding illustrated in the truth table 400 of 
FIG. 4, the state diagram 700 utiliZes the RESERVED com 
mand to change to the POWER DOWN state 702. The 
RESERVED command is shoWn in FIG. 7 as “RD” represent 
ing the combination of a HIGH RAS# signal and a HIGH 
WE# signal, Which is the combination of the command sig 
nals for a READ command in a BANK ACTIVE state 510. 
From the POWER DOWN state 702, the state of the memory 
device 300 can be changed to a SLEEP POWER DOWN state 
704 or a SELF REFRESH state 706 depending on the RAS# 
and WE# signals applied. Where a HIGH RAS# signal and a 
HIGH WE# signal are applied to the command decoder 334 
When the memory device 300 is in the POWER DOWN state 
702, the operating state changes to the SLEEP POWER 
DOWN state 704. The SLEEP POWER DOWN state 704 
represents a condition Where the memory device 300 is placed 
into a loW-poWer state to a greater extent than in the POWER 
DOWN state 702. For example, the SLEEP POWER DOWN 
state 704 may not require a CLK signal to be applied, and 
consequently, clock buffers of the memory device 300 can be 
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10 
deactivated in addition to the input and output circuits. To 
return from the SLEEP POWER DOWN state 704 to the 
POWER DOWN state 702, a LOW RAS# signal and a LOW 
WE# signal are applied to the command decoder 334. For the 
memory device 300 to change from the POWER DOWN state 
702 to the SELF REFRESH state 706, a LOW RAS# signal 
and a LOW WE# signal are applied to the command decoder 
334. During the SELF REFRESH STATE 706, the memory 
device 300 executes a self-refresh sequence to refresh 

memory cells of the memory banks 312A-D. Upon comple 
tion of the self-refresh sequence, the state of the memory 
device 300 returns to the POWER DOWN state 702. 
As illustrated in FIG. 7, for a particular combination of the 

RAS# and WE# signals, an even greater number of com 
mands can be decoded by applying the speci?c combination 
of RAS# and CAS# signals during different operating states 
of the memory device 300. For example, taking the combi 
nation of a LOW RAS# signal and a LOW WE# signal, 
labeled in the state diagram 700 as “PRE,” four different 
commands can be decoded from the same PRE combination. 

The ?rst command, Which results from the application of the 
PRE combination of RAS# and WE# signals during the ALL 
BANK PRECHARGED state 504, causes the memory device 
300 to change from the ALL BANK PRECHARGED state 
504 to execute the AUTO REFRESH operation 506. The 
second command, Which results from application of the PRE 
combination of the RAS# and WE# signals during the BANK 
ACTIVE state 510, causes the memory device 300 to execute 
the PRECHARGE BANK command 511 to change to the 
BANK PRECHARGED state 505. The third command, 
Which results from application of the PRE combination of the 
RAS# and WE# signals during the POWER DOWN state 702, 
causes the memory device 300 to change to the SELF 
REFRESH state 706 to execute a self-refresh sequence. The 
fourth command, Which results from the application of the 
PRE combination of the RAS# and WE# signals during the 
SLEEP POWER DOWN state 704 causes the memory device 
300 to exit the SLEEP POWER DOWN state 704 to the 
POWER DOWN state 702. Thus, four different commands 
can be decoded using only one combination of the tWo RAS# 
and WE# command signals, in combination With the memory 
state of the memory device 300. 

FIG. 8 is a block diagram of a processing system 800 
including processing circuitry 802 including the memory 
device 300 having a command decoder 334 that utiliZes com 
mand decoding according to an embodiment of the present 
invention. Typically, the processing circuitry 802 is coupled 
through address, data, and control buses to the memory 
device 300 to provide for Writing data to and reading data 
from the memory device. The processing circuitry 802 
includes circuitry for performing various processing func 
tions, such as executing speci?c softWare to perform speci?c 
calculations or tasks. In addition, the processing system 800 
includes one or more input devices 804, such as a keyboard or 
a mouse, coupled to the processing circuitry 802 to alloW an 
operator to interface With the processing system 800. Typi 
cally, the processing system 800 also includes one or more 
output devices 806 coupled to the processing circuitry 802, 
such as output devices typically including a printer and a 
video terminal. One or more data storage devices 808 are also 
typically coupled to the processing circuitry 802 to store data 
or retrieve data from external storage media (not shoWn). 
Examples of typical storage devices 808 include hard and 
?oppy disks, tape cassettes, compact disk read-only (CD 
ROMs) and compact disk read-Write (CD-RW) memories, 
and digital video disks (DVDs). 
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From the foregoing it Will be appreciated that, although 
speci?c embodiments of the invention have been described 
herein for purposes of illustration, various modi?cations may 
be made Without deviating from the spirit and scope of the 
invention. For example, the embodiments of the invention 
described herein have been described With respect to moni 
toring the open or closed state of the banks of memory 
112A-D as an example of an operating state that is monitored 
for decoding the command signals. HoWever, other embodi 
ments of the invention monitor alternative operating states in 
decoding the command signals, including the different oper 
ating states previously described, such as a poWer doWn state 
and refresh states. Accordingly, the invention is not limited 
except as by the appended claims. 

What is claimed is: 
1. A command decoder comprising: 
a command signal latch having command nodes to Which 
command signals are applied, the command signal latch 
con?gured to latch logic levels of the command signals; 

bank control logic con?gured to provide a bank signal, the 
bank signal based, at least in part, on an operating state 
of a memory bank; and 

a command decoder circuit coupled to the command signal 
latch, the command decoder circuit con?gured to 
receive the bank signal and further con?gured to gener 
ate intemal control signals to perform a ?rst operation 
according to latched logic levels of the command signals 
When the memory bank is in a ?rst operating state and 
con?gured to generate internal control signals to per 
form a second operation according to the latched logic 
levels of the command signals When the memory bank is 
in a second operating state. 

2. The command decoder of claim 1 Wherein the ?rst opera 
tion is selected from a ?rst set of operations, the second 
operation is selected from a second set of operations having at 
least one different operation from the ?rst set of operations, 
and the command decoder circuit is further con?gured to 
generate internal control signals to perform an operation 
selected from a third set of operations according to the latched 
logic levels of the command signals When the memory bank is 
in a third operating state. 

3. The command decoder of claim 2 Wherein the third 
operating state is entered from the ?rst operating state in 
response to one of the operations of the ?rst set of operations 
being selected. 

4. The command decoder of claim 2 Wherein the command 
decoder circuit is further con?gured to generate internal con 
trol signals to perform a third operation according to the ?rst 
latched logic levels of the command signals When the 
memory bank is in the third operating state. 

5. A memory device having a plurality of operating states at 
Which a respective operation is performed, the memory 
device comprising: 

an address bus; 
a command bus to Which command signals are applied; 
a data bus; 
an address decoder coupled to the address bus; 
a read/Write circuit coupled to the data bus; 
a memory-cell array coupled to the address decoder and the 

read/Write circuit; and 
a command decoder coupled to the control bus, the address 

decoder, the read/Write circuit, and the memory cell 
array, the command decoder con?gured to generate 
internal control signals for executing a requested opera 
tion, the command decoder comprising: 
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12 
a command signal latch having command nodes coupled 

to the command bus, the command signal latch con 
?gured to latch logic levels of the command signals; 
and 

a command decoder circuit coupled to the command 
signal latch, the command decoder circuit con?gured 
to receive a bank signal, the bank signal based, at least 
in part, on an operating state of a memory bank and 
the command decoder circuit further con?gured to 
generate internal control signals to perform a ?rst 
operation according to latched logic levels of the com 
mand signals When the memory bank is in a ?rst 
operating state and con?gured to generate internal 
control signals to perform a second operation accord 
ing to the latched logic levels of the command signals 
When the memory bank is in a second operating state. 

6. The memory device of claim 5 Wherein the ?rst opera 
tion is selected from a ?rst set of operations, the second 
operation is selected from a second set of operations having at 
least one different operation from the ?rst set of operations, 
and the command decoder circuit is further con?gured to 
generate internal control signals to perform an operation 
selected from a third set of operations according to the latched 
logic levels of the command signals When the memory bank is 
in a third operating state. 

7. The memory device of claim 6 Wherein the third oper 
ating state is entered from the ?rst operating state in response 
to one of the operations of the ?rst set of operations being 
selected. 

8. The memory device of claim 5 Wherein the command 
decoder circuit is further con?gured to generate internal con 
trol signals to perform a third operation according to the ?rst 
latched logic levels of the command signals When the 
memory bank is in the third operating state. 

9. A computer processing system, comprising: 
a data input device; 
a data output device; 
a processor coupled to the data input and output devices; 

and 
a memory device coupled to the processor and having a 

plurality of operating states at Which a respective opera 
tion is performed, the memory device comprising, 
an address bus; 
a command bus to Which command signals are applied; 
a data bus; 
an address decoder coupled to the address bus; 
a read/Write circuit coupled to the data bus; 
a memory-cell array coupled to the address decoder and 

the read/Write circuit; and 
a command decoder coupled to the control bus, the 

address decoder, the read/Write circuit, and the 
memory cell array, the command decoder con?gured 
to generate internal control signals for executing a 
requested operation, the command decoder compris 
ing: 
a command signal latch having command nodes 

coupled to the command bus, the command signal 
latch con?gured to latch logic levels of the com 
mand signals; and 

a command decoder circuit coupled to the command 
signal latch, the command decoder circuit con?g 
ured to receive a bank signal, the bank signal based, 
at least in part, on an operating state of a memory 
bank and the command decoder further con?gured 
to generate internal control signals to perform a 
?rst operation according to latched logic levels of 
the command signals When the memory bank is in 
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a ?rst operating state and con?gured to generate 
internal control signals to perform a second opera 
tion according to the latched logic levels of the 
command signals When the memory bank is in a 
second operating state. 

10. The computer processing system of claim 9 Wherein the 
?rst operation is selected from a ?rst set of operations, the 
second operation is selected from a second set of operations 
having at least one different operation from the ?rst set of 
operations, and the command decoder circuit is further con 
?gured to generate internal control signals to perform an 
operation selected from a third set of operations according to 
the latched logic levels of the command signals When the 
memory bank is in a third operating state. 

11. The computer processing system of claim 10 Wherein 
the third operating state is entered from the ?rst operating 
state in response to one of the operations of the ?rst set of 
operations being selected. 

12. The computer processing system of claim 11 Wherein 
the command decoder circuit is further con?gured to generate 
internal control signals to perform a third operation according 
to the ?rst latched logic levels of the command signals When 
the memory bank is in the third operating state. 

13. A method for decoding a command, comprising: 
latching command signals, each signal having a respective 

logic level; 
decoding the command signals based on the combination 

oflogic levels; 
receiving a bank signal from bank control logic, the bank 

signal based, at least in part, on an operating state of a 
memory bank; 

determining a current operating state of a memory bank 
based, at least in part, on the bank signal; 
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14 
generating a ?rst set of internal control signals to perform 

a ?rst operation based on the latched combination of 
logic levels of the command signals in response to the 
memory bank being in a ?rst operating state; and 

generating a second set of internal control signals to per 
form a second operation based on the latched combina 
tion of logic levels of the command signals in response 
to the memory bank being in a second operating state. 

14. The method of claim 13 Wherein determining the cur 
rent operating state of the memory bank comprises determin 
ing Whether the memory bank is in a bank active state or a 
bank inactive state. 

15. The method of claim 14 Wherein generating a ?rst set of 
internal control signals to perform a ?rst operation based on 
the latched combination of logic levels of the command sig 
nals comprises generating internal control signals to perform 
an operation resulting in the memory bank changing from the 
?rst operating state to the third operating state. 

1 6. The method of claim 13, further comprising monitoring 
a logic state of a signal and Wherein generating the ?rst set of 
internal control signals to perform a ?rst operation comprises 
generating internal control signals to perform a ?rst option of 
the ?rst operation based on the latched combination of logic 
levels of the command signals and the signal having a ?rst 
logic level and generating internal control signals to perform 
a second option of the ?rst operation based on the latched 
combination of logic levels of the command signals and the 
signal having a second logic level. 

17. The method of claim 16 Wherein monitoring the logic 
state of the signal comprises monitoring the logic state of an 
address signal provided to the memory bank. 


